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Electron Attaclhment Rates in Cl
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R. C. Sze, A. F. Greenc, and C. A. Brau

Los Alamos Scientific Laboratory
Los Alamos, NM 87545

Our measurement of clectron attachment rates in Cl, is a continuinyg
effort to obtain quantirative data on all possible halogen donor specics
that may be relevant to the rare gas halide discharge lasers. TIn our work
to medel the lasers and compare them with actual operating devices, it has
become evident that the knowledge ol attachment rates in the gas mix at
very carly tlmes during the build up of the voltage is important in properly
predicting the voltage and current characteristics of these devices. This
requires a knowledge of electron attachment rates at low /N values and
correspondingly low values of mean electron encergies. Much of this infor-
mation Is not available in the present literature.

Data arce obtained using a small clectron beam machine (Fig. 1) which

(N

has been desc-ibed by Brau, Raybun, Dudge, and Gilman. The device utilizues
a spiral gencrator as the hlgh-voltage source and delivers 100 keV electrons
through a 25-:m aluminum foil. Thc¢ current 1s attenuated throuph a sceries
of metal screens to values of less than an ampere in an arca appros =ite’ v
6 mm in diameter. Pulsce width can be varied from 6 to 20 ns with the fall
time for the current at 2 ns.

Attachment rates are obtained by measurilng the decay of the current

signal when a constant voltage is applicd across the electroedes. The sepa-

ratfon between the electrodes Is 5 mm. A typleal decay curve 18 gilven in
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Fig. 2 for an E/N = 3.72 = 10 7 V—cm™ .  Two simultaascous scope tracces arce

obtainad so that the data for late times are expanded by a factor of 5,

The curvesz are digitized and a sin,'¢ exponential decny is used to least
squares fit the data. In general, data of over an order of magnitude change
in signal are used to calculate the time constant for the exponential

decay.

Attachment rates are measured in nitrogen and argon mixtures in order
to access different regions of mean clectron energies.  Fipure 3 gives data
cf the attachment rate in nitrogen at a chlorine density of 260 parts per
million of the gas mix. The crosses show the attachment data published
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recent]ly by AVCO. The solid curve i1s the theorcetical calculations using

our Boltzman code to obtain the electron encrgy distribution and it is con-
voluted with the cross-section data of Kurepa and Bulic(g) and Tam and Wong.
In the range of E/N where the AVGO data is available both the present data
and AVCO's data, as well as the theoretical curve, agree. At the low B/N
region the data indicates a rapid rise of the atcachment rate that doces

not agree with the calculations using cross-section data. We will return to
this point later in our discussion., The data at each E/N is taken .t
several pressures of the gas mix.

Figure 4 shows attachment rates as a function of [/N in arpon for the
same fractional chlorine concentration as In the case of nitrogen. These
two sets of data can be plotted together as a function of mean electron
energy using the conversion curves shown fn Fig. 5. The mean electron

energy is obtained for ecach E/N using the Boltzman code to calculate the

electron encrgy distribution.
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The plot of attachment rate as a function of mean electron energy is
given in Fig. 6. Therec are two aspects of this data that are areas of
ccncern.  First, is the very steep rise at low electron vnergles. This
rise is certainly also evident from thce AVCO data and is not predicted in
the calculated curve using the Boltzman code and the cross-scction data of
Kurepa and Belic. Second, is the peaking of the attachment rate in argon
at electron energies lower than that predicted from cross-section data.
Since both the cross-section data of Kurepa and Belic and the recent data

2 2
of Tam and Wong show the hlu pecak to be much higher than the g peak,
(Fig. 7) it seems unlikely that there ir a mistake §n the relative pcak
heights in the cross-section data. We feel that the most likely source of
error, if therc is any, will be in the attachment cross-section value at
zero energv.  Accordingly, we took the liberty to vary that value in 1a
attempt to fit the argon data. It was necessary to increase the zero cnergy
cross scetion some two orders of magnitude to a value close to the fluorine
rross scction, in order to shift the slope to values in agreement with the
data. It is, of course, possible that contaminants arce giving us thesc
¢ffects in argon and nitrogen, although we fecl this to be unlikely.  The
possibility of HC1 contamination can shift the peak in the argon dato
toward lower encrgics duc to an attachment peak at 1 ¢V, but would not help
to explain the nitrogen data.

The rapid rise of the attachment rate at low electron energies In NJ s
morc difficult to explain. Onec possibllity s that rotatlonal excltation
was not Included in our Boltzman code. We feel, however, that this effect
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will not become Important until L/N goes to value below 10 V-crmr . To scec

If therc was some systematic experimental error, we remeasvred the at! achment
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rates of fluorine (Fig. 8) measured carlier ov Snvder and Brau. The
results were in agreement with the earlier values and show no fast rise of

the attachment rate at low mean clectron cnergics.
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